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[AS*] 
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3# #*l-§- ^ ^ °1» 2-1 # o)*> ^ {NEGATIVE ELECTRODE FOR 

LITHIUM SECONDARY BATTERY AND LITHIUM SECONDARY BATTERY COMPRISING SAME} 

£ 3^r -^*H 3 ^ tiling 2^ Efl^e ^ rLEflSojcf. 
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<13> [^5fl 7|^] 



<14> s\ 



^°\] ^7l sj-^ tiV^-o] A>-g-^-O.S^l ^i^-i- 1HM 71^ %o}€\- 



^3 3 71 ^ til-g-ofl ^ ^ 



1=1 



^! 3 ^7l5)-«l-^ ^-^olcf . irl-&H o]e^tb 0 J= 



<15> 



^*ti ^SlJl 5}fl-^ ^ ^71 -g^o] 7^ 



Jl-g-^ ^l^-^ 



$1°^, ^71 -g-^£7> JI^ ^11- 



tb s^f- ^^M: ^ ^>-§-*m ^^Ml^r ^ 
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^^1^ ^7lsl-tv^ yv-s-^l %M*M1 slfecfl, #Efl7> ^J^M 

7111- ^>-g-*>^ Slfl- ^Ht}- ^ Tl^Cf. o]^ Slf-ol^-ol ^« 0 >*H 

eH nfl elf- ^q-^- £1^ ^ ^ ^avoI &°1>H ^5" 

^-S-ofl ^ el-g-ol o]S.^ ^^1^1 ^<=1 -g-3§l q-iral-71711 

<is> rtj-sl-A-l ^ 7)^9] i^££f wj-ej-^i^ rt<$^ ^£is}<*\ elfl- 

<19> av^^v S-^1^^ «fl7j§}-7l ^ ^^1, ^ ^3 -f 

Ol^> ^71-g- -g-^-^; T^T^l 31* ^^14, 
<20> S.^^ jc^V ^ ^ol -f^^V S^Hr 51 # 0^> ^Xl* 
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<21> ^7] S.^^- ^^}7l ^*H, ^ S^S£7> 30 4000 A<y 7\A\ ^ 

^-7] 7]^ 3]o\] b1«-S- i^Kr ell- °}*\ ^W-. 

<22> rr^V #7l # o}*} ^xj-g- ^g-^M; &| f- ^^]# 

<23> ojs} -S- £^-g- t25}oj 4M1^>711 ^^W. 

<24> ^-^^ u]-^-^^ *fll ^HHl ^# ^ ^-^i 7fl^ 

*m ^ SJ^ e]# °1*> *l*l-g- -g-^g; *fl^th}. £ l^ -g- oi^> ^l-g- 

<25> ig^o^ o]^]- ^.g. o.^-( 10 )O- sg-g- ai g S c 7 ]. 30 ^ 4 000 A o] 71^(20) 

J?H ^##(30)cl #7] 7]7fl^ £-^2) ^^^15. A>-g-^ 

t}. #7l 7l7fl(20)^ S^S^^ 30 vfl^l 3000 A°l o| w]-^^, 30 vfl*l 1500 

Ao] ^ v\ uV^^^jl, 30 ifl^l 500 A91 c| wV^^-:n., 30 ifl^l 100 A 

^1 tif^-^^l-cf. # 7 | sg^- s^a£7f 30 A dI^o] 7 | 7 |]§ *fl^Rr 

Al^Vo] aq-£sr>7fl 4l2.£H ^^l^^l H°]X\JL, 7}7$°) 3g ^ S^^-£7> 4000 A 

31je.eH^ ^^^o] ^7V*>J1 f^3i 0 l ^ ^>-§-°fl ^H*!" ^ 

cflS. s]#(dead lithium)^ ^ i^uh}-^^ g^^M 
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<26> Aj. 7 ] 7l^fl(20)^ QSlSQ 7l7fl^l ?H W>^-2]^}4. ^S.^ 71^^- A>-g-^7fl 5^ 

#7}^ tii e ^ 3 o] <s^°i 31^3^ ^ sx°] 

<27> o] ei fl -g-^- 7]7l]S.^ ^ ^§-, ^aj- 

#eH (polishing) «<HH *>-8-€ *r Si-iM, ^-f^lfe ^71 

<28> Aj-71 =4? JrQ] 3^ ^ ^Efl^ ^ 7l^flS. A}-g- 7}^*1 ^ SL^r 

-2-^1, ^sKp-^m^l), #eM#31(polyazulene), #eHii|i4 = fJ: 

^l(polyperinaphthanlene), #BM^(polyacene) , -I-s} 1^1^-2 ,6-^ ID 

^7} ^4-o] jg^g. -g-§. ^ofl igcfe ^o} =^3. ^3}. 

*m ^ ^ 7i^5i 

#Sl^ ^"71 ^l^tl *fl3.*r ^SpM, 

Sl-iHr^J (SnP0 4 ) , ^>5|-El b)-^- , ^ ^SJi^WSCperovskite) l-^(LaSrCo0 3 , 
LaSrMn0 3 )4 ^ , ^ M^^- ^ ^ 

^ #^ SX^. 
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(polishing) -f^ «o v ^^r ^-&-*H ^ ^A^, ^-f^m ^ 

ej^^l °l-g-€ ^ SaA^, ^ ^-g- 5t^S5L* 7M^ ^<$*} 

<31> fiigS£7> 7l7fl iflofl ^^-S. A}-§-<5}^ ^ H o^l 

*H H^o) ^JEL^E ^Ajo] <>}*fl£]jl ^wj-^A] d o!a o v #71 av-g-<Hl 
^ tfc el#(dead lithium)^ #o^s.^ oj*> ^-g- 
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<33> -g-^- 7} 4(20)^} ^*#(30)^r 7)7% $H e^^g- -g^M^-, 3 

US(Tungsten boat)i4 iLS( Molybdenum boat)!- ^>-g-*M e]** ^ 

^s-Rr U^ol 7H> aj-^^Ml ^>>-g-€ ^cf. 5.0>i0- 7 vfl^l 5.0XL0" 6 

<34> ^-71 ^ -g"^-^- °1*> Af-g-^ ^ o|cf. 5^ o]*} 

A>-g-^ ^l^efloiE^ ^ofl 45} ^f- oi^ s^f- o]^. 

^ 3# fe^ ^^1^ ^€ ^ SiJi, ^§3H 42} sHMl^ 

5L 2o)} olT^-. ^-7] ol£- ^)(3)^ ^(5), ^ 

(6) ^ ^-71 ^(5)4 ^(6) A>o]oH ^7fls>^ ^3l^olEi(7)l- i^Rr ^3^*11 
(4)» ^ol^(8)^l ^ q-^-, ?flol^(8)o] a o vw.oH ^g]]^^ ^<a*>Jl 3 #3HJ=(11) 

<36> #7] ol^j- ^^1^ ^ S^2:£7> 30 4000 A<?1 71*]) ^ ^7] 7l *fl ^ 



i 
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<37> #7) <$ 



^2]-l- Sfe ^-B- ^3.7])^o]E. 



<38> Li x Mn 1 _ y M y A 2 (1) 



<39> Li x Mni_ y My0 2 - z X z (2) 



<40> Li x Mn 2 0 4 - z X z (3) 



<41> 



Li x Mn 2 -yM y A 4 (4) 



<42> 



Li x Coi_yM y A2 (5) 



<43> 



Li x Coi-y02- z X z (6) 



<44> 



Li x Nii- y M y A 2 (7) 



<45> 



LixNii- y 0 2 - z X z (8) 



<46> 



Li X Ni!-yCOy0 2 - Z X Z (9) 



<47> LixNi^zCoyMzA,, (10) 



<48> 



Li x Nii-y- z Co y M z 0 2 - c X ff (11) 



<49> Li x Ni x-y-zMnyMzA a ( 12 ) 



<so> LixNii-y-zMnyMzCfe-aXff (13) 



<51> 



(#7l ^HH, 0.9 <x <1.1, 0 <y <0.5, 0 <z <0.5, 0 <a<2°]31, Al , 



Ni, Co, Mn, Cr, Fe, Mg, Sr, V 5Efe o]^o]^\ ^o\}a] 

sM-^ Afe 0, F, S ^ PS. ol^-^^l ^ejjsI^ ji, xfe F, S £ 



P^m-.) 
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<52> #71 ^ ##^3L A>-g-£l^ % Li 2 S n (n>l), 7||^eWH 

(catholyteH -8-*fl€ Li 2 S n (n>l), -ft-7l % 5^#, #eH((C 2 S x ) n : x= 2.5 ifl 

*1 50, n>2) f-ol ojicf. 

^1 si ell °1 EiSfe l-eHlM, #sl^s.^^, #e|al^e|Tffl ^^SL^M^. iE^ °1 

#^ 2# ol#o^ Cf^nj-ol A}-§-^ ^ $1^, #Bl^€^l/#ElHS^^ 2# Afl^^El, 

1-^oil^^l/l-^HS.^^l/l-Bl^m^l 3# ^1 sl i]) o] b] , ^1/1- Si <*fl € €M-el H 

<54> al^g- o]^> ^^£l^ ^M^-c- 3l«fl^l SE^ ^-^1€ -n^l -f- 

<55> #7l til^^ ^M^r -fM-g-uflcfl fil#<*-g- -g-SflAl^ ^S^-Cf. #7l -B-7l -g-nfl 5. 

#71 ^VlivllolE^.^ v)v\)t£ 7V^.vilolE(DMC), i^H*i ^iUiHSCDEC), ?>J± 
v11olE( DP c) ( ^l^ss.^ 7>iLMM.E(MPC), <^11HS.^ ^liviHE^pc), ^Ifolli 7>iL 
i-lHS(MEC) oflM 7>ilMHS(EC), SSl^l ^ViL^HSCPC), 7>i.v|lolS(BC) 
= ol A}-g-^ ^ $U-2», #71 ofl^tfle.^ n-*H<i oMHMS, n-^1^ ^Ml^HS, n-S. 
e.^ o}X\)t]]o}^ ^-o] ^ 91^, <^lEfl = ^^r tHllHl3l = (DME), Efl Ee^}. 

ol = S^^(THF) -§-<>l A>-g-^ ^ ^cf. 
<56> #7l el^g-^^.5.^ LiPF 6 , LiBF 4 , LiSbF 6 , LiAsF 6 , LiCIO 4> LiCF 3 S0 3 , Li (CF 3 S0 2 )2N, 
LiC 4 F 9 S0 3 , LiAlO 4 , LiAlCU, LiN(C x F 2x+ iS0 2 )(CyF 2y+ iS0 2 ) ( <*| 7) *\ , x ^ *V<3^r°J), 
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LiCl, % Li IS 3-oflA| Al^S]^ 1 f 5r 2 f ^^1^ A>-g-7>^V 

<57> # 7 ] JLz)} f^tMfl 3^ ^rM" 

7>^^> #£fl #£]^-Al<£z|3l ^4)3. ^--fj-*}^ f^-*H Li 2 S-SiS 2> Li 2 

S-GeS 2 , Li 2 S-P 2 S 5 , Li 2 S-B 2 S 3 ^4 W# Li 2 S~SiS 2 -Li 3 P0 4 . Li 2 S-SiS 2 

-Li 3 S0 4 ^4 ^o) Aj-g-^ ^ $lcf. 

<59> (^3 A] a}] 1) 

<eo> -g-^ 7l^flS 25/zm ^Ml^ ^e) Jl^^r A}-g-3r}^tl. ^ Jl<|3£| sg-g- 

^-Bllt 3D ^1^^ (optical 3D profiling system) (fi 1 ®^ NT2000, WYK0A> 

A]~g-sH ^r^VOT. ^5- S^-E(Ra)^ 1400A(0.14//m)^l^cf. ^ 

Jl<a <?H ^-^o] i.2cm^ ^ A r^ &-o] fe| ^31^ ^^s] p>>i^# ^JL 1.5 

1M LiS0 3 CF 3 7> ^^&/^^<3/^&/t)*\)^*)°\)&(5/2/l/2$ a} 

<61> (^A]^ 2) 
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<62> 7} AS. l-elHlM tfle^lNHHXPET) y A^ 

534. 200am *f-v\]2\ PET ^€ ilt 2>10' 6 torr^l^ ^ 

*H ^ 7]7fl» ^12:S>^4. Ojufl ^zJ-S} ^^1^ O.l^ol^Jl ^ 7)7$$] % 

5 100 A (0 . Oljum) °1 $4 . ^ 7)A$} ^ X^SEfe -g-tq^ 3D 

*g Aliefl( S .^x^ NT2000, WYKO^V °l-g-«H ^^^.^cf. -g-^- 7l $H 

°1 1.2cm^ ^Aj-zv^ ^o] §sj ^Eflefl^ ^fl^ 4iaf £ji 1.5/zm ^Mlsj 

il-g: ^S*>^4. A >-§-^ #*TH£r 1M LiS0 3 CF 3 7|- -g-*M ^^-#^/4^e} 

°J/^i££/^l^Hm(5/2/l/2£| Af-g^cf. 

<63> (WlJU^l 1) 

<64> -g-^- 7l^flS. ^ S^^£7> 4500A(0.45/mi)^l ^B] J:^^: ^>-g-t!: afl^wl-jl 

<65> ^-71 ^Alofl 1, 2 ^ tiliaofl e|ae lmA/cm 2 ^! #^.£5. 360^# 

fr ^ y o v ^ -g*l*H Jl^-* ^^^>^4. n *>7l £. 1*11 7l^*>5|cf. 

<66> [g. 1] 





1 




1 




70.3% 


80.7% 


50.5% 



<67> ^-7] S 1<HH Ji^ «>Sf ig-^o] sg^- ^^-E ^^1" 7}*1^ 1 

^ 22] -gr^-jr A}-g-^- TJ^- A>ol^. j^o) H]ji7ojl Ij^cf -f^*>^ , S-^j 5g ^. 

<68> (^A|ofl 3) 
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<69> -g-^- 7l7flS l-BlHflSB Bllell^iNH^XPET) ^^.ofl ^s^l- ^av*). ^ A}-^} 

^tj-. 200^ ^l^l PET llf^l a£f ol-g-^j-c^ 2>10- 6 torr^l^i ^ 

*H ^ 7H» ^fl2:§V^cf. oH ^zv^ o.l^lSU ^ 7l7fl^ 3g 

5 S^S-E^ 100A(0.01/zmH&t}. -g-^- 7}^2\ Jg5- ^g-EM 3D 

*g A]i^( £ cfl^ NT2000, WYK0^> A}^)^ °l-g-*H ^3 ^ A A 

o] 1.2cm^ ^3)^ ^! 4^3f gJi l.Sjtan ^1^ ^f- 

# zj-zj- 75, 12 ^ 13 <£^-# ^}2it}^. ZL?]JL 

SS^^l(PP)/#e1^1^^1(PE)/l-elSS.^^l(PP)^ 3 €f-^r ^}-%-^\ 

3X3- *])x\z)}o]b\2) 16 pm°}9l^. #7l ^ ^ ^ 3] 5fl ol Ei * 31 

iI-§: ^lS^l-^4. ^*1 ^l^A] ^sfl^ 1M LiS0 3 CF 3 7> -g-sflsl ^1^1 

^l^:/^^sl- 0 J/^^-#^(4:4:2 ^til)^ t}-. 
<7i> (wlJU^l 2) 

<72> sg^- S^3i£7> 4470A(0.447/rni)<y 10 im t^I^I ^e) Jl<H 71^11 2ll-g- 20 /an 

-^-g- ^l^^cf. ^El JlIJ 7l7fl Si 3g-g- -g-El^ 3D ^5.^^ 

Al^CS.!^ NT2000, WYKO^} 4^)^: ^>-§-^>°i H 
MCTungsten boat)* ^}-§-*V^ ^1*}53JI, 2.0 >40" 6 torrol^cf. #7] 

<73> -g-q- 7] ^fl 7V ^31 ^JS-^ofl J^^. ^-ol^>7l ^7} 3^ WlJUoll 

2<HH Bll^m ^t^r 1.5 ifl*l 2.8V^1 ^^^H 0.2C ^ 0.5C H o V; 5i^H 
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^ ^-§- *87HH ZL £ 3^1 H^V^t}. H 3^1 £^ v}Q £o] t 3g-g. 

i^S£7> 100 A91 #^ofl e]f-ol ^aj-sl -g-^-g- StJ-*>^ ^! 2^ Efl^E ^ 

^ s.^o] sg^ S^2:£7> 4470 A<?1 7]*fl ^°\) S]#ol ^aj-s} -g-^§- if-*}^ 

<74> (^X|ofl 4-9 5J HlJa^l 3-4) 

^SS* z}-zj- 450A(4l*H 4), 1078A(^*H1 5), 1424A(^a]^ 6), 2000 A (^*H 
7), 2473A(^H 8), 3200A(*J*H 9), 4537A(u]iSoj] 3) ^ 5520A(«1 M<$ 4) £.3. 
S^^tf. Jg-g- a^^5L7|- ^1 S]f 20/im 

10" 6 torroj^cf. °l-§-^H ^Hl 34 -f-^ *^°-S. efl^M *fl 

3^}^. Efl^E ^ -g-i£ ^^-((^-g-^/^7l-g-^)>400)^ ^ 
<76> IS. 2] 
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<77> #7l S 2$ ^}o]b\S] £ 4<*H £^s>^4. I 2 D ^ £ 4^1 iLfe ti>sq- £ 

<78> sj-^o} -g- o]^V ;£x]-g- -g-^ 7l>fl^ ^ S^2£t S^^S.*) 
<79> TQ-xgo) vfl^ o] «-o)^ ^X)^ 7 ^ *J.6j| <2^}a} -g- 
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[^T 1 * 1] 

S^S£7> 30 vfl^l 4000 A<y 7l7fl; ^ 
2] 

aflUMI 7l7fl^ S^2:5.7> 30 3000 A«?l ^-f- °1*> 3*1 -§- ^ 

"7- 

3] 

^12"%H1 &<>H, ^7l 7l^fl^ ^ S^S£7> 30 vfl^l 1500 A91 ^f- #*l-g- 
4] 

*1]3-M -#7} 7l7fl^ sg-s- S^S£7> 30 ifl^l 500 A^l ej# <>1*} 3l*l-g- £ 
5] 

*I|41N 2H>H, ^" 7 1 7 l^fl^ ^ S^2:£7V 30 ifl*l 100 A Si s}# 3*1-8- 
6] 

aflrM ^-71 -g-^- 7l^fl^ #51^ #^5. o^o^^ ol^> ^i-g- -g-q-. 
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[^t 1 * 7] 

#7l 7]AA ^ 3:^, ^ #3- 

[*j^8- 8] 

^17%H1 #7l ^el s.^ q^^l sl# °l*f ^1-g- -a-^. 

9] 

47*M 91^^], If^-ir #3 6 Hm31, ^Bl^V^^l, 

^el(p-^l^^l) , #3(2)1^ «1^3l), l-sl°>#^l(polyazulene), #^^5^-^^-^ 
(polyperinaphthanlene), #eW^(polyacene) ^ #^14^^:^1-2,6-^^)3. o]s.<>|^1 
^ejsl-^ f-eH ^#<y ell- o}*} ^-g- 

10] 

^17%H1 &<>H, A oM ^aj-^ ^f-^ i-El^^Efls, ^el-irefl^l, 

-£^-#3 ^l^^^l ^<HH ^e«£]^- 3j<H3E s-j-ufo^ S-g}^ ^-§- # 

11] 

*I|71MI 5^*1, £^i^7> #elH #sl^l^Efls ; l-El^^l^l, #el 
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-L>sH flfe 3# °1*> €*l-§- 

[^^J- 12] 

^11^1 5fl°H, A o V 7l H^fe ^ ^ ^ ^ifi- °)^-°]*t 

^d\]x\ ^o] 3^ oj*> -g-^.. 

13] 

olE(perovskite) ^e) , M^, ^ ^ t«ilS °1^-<H*1 ^ 

3<y 3* 

14] 

*f)7lH &°H, #7] -g-^o] #3)-^ ^ S^2:S.7> 30 vfl*l 4000 A 

I^U" 15] 

*1]14%M1 &oH, A oM jg^. S^S£7> 30 vfl*l 3000 A<?1 Ejf- 

16] 

*fll5lMl ^-7) ^-^o] ^e)o] ^#2] £^S£7> 30 ifl*l 1500 A Si 
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1^7--% 17] 

XI 16^ 9X°]*\, -#7] sg^ ^2:£7|- 30 vfl^l 500 A*?] 

[33^ 18] 

XI171MI , ^71 #^ol S^S£7|- 30 ifl*l 100 A Si 

31*1 -§- 
19] 

XH%H1 91°]*], ^y] b]#*£- 7l7fl ^6j) 33.3. ^zj-*H ^sq^M- s]^. jro^ SJ- 
3-*H 3JS1 si* <>1*} 31*1-8- 

[^^•^ 20] 

^fll^ ^fl*l *I|19^ *>M-^ %Vofl 4S 

As s.o]^]^ ej^. o]x> 

13 T 1 * 21] 

X120%H1 &<>H, ^--ft- ^4* £^ s^fl- ^--B- zJrSTfluMH sj-tl- 

Li x Mn 1 _ y M y A 2 (1) 
Li x Mni-yMy02_ z X z (2) 
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Li x Mn204- z X z (3) 
Li x Mn2- y M y A4 (4) 
Li x Coi- y M y A2 (5) 
Li x Coi-y02- z X z (6) 
Li x Ni 1 _ y M y A 2 (7) 
Li x Ni!- y 0 2 - z X z (8) 

LixNii-yCoyOg-zXz O) 
Li x Ni i-y-zCoyMzA a (10) 

Li x Nii-y- z CoyM z 02- ff X ff (11) 

Li x Nii- y _ z Mn y M z A ff (12) 

L i X N i 1 - y - z Mn y M z 02- a x a ( 13 ) 

(Aj- 7 | qc$X\ t 0.9 <x <1.1, 0 <y <0.5, 0 <z <0.5, 0 < a <2°1 Jl, Ife Al , 
Ni, Co, Mn, Cr, Fe, Mg, Sr, V 5E^ sj^ff- o] =-^^1 ^-ofl^ ^^5)^ 

A^ 0, F, S ^ PS <>l-¥-o^ ^1*5]^ jt, x-fe- F, S£ 

P 0 14.) 
22] 

^20^H1 #^^r % Li 2 S n (n>l), 7fl#^olE( catholyte ) 

-g-^fl^ Li 2 S n (n>l), -8-71 % s^-§-, ^ #^*U(C 2 S x ) n : x= 2.5 vfl*l 50, n 

>2)S. ^l^^^l ?°1M ^id^fe ^^1 elf- . 
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I^ z t l % 1 - 23] 

*i|20lM #7l ell- 3*1 ^ 4 6 11 ^l^HH^* d) 5. 

MH, #7l M) *\ 31 °1 ^ #&|o|l^^, #^3.^31, l-el«l^E)^ #^5^0]^, 

eHlM/^SS.^ 2^ ^l^eflolE-l, #sl^l^^l/§^SS.^€/#sloil^^l 3# ^lsl 

#^3*=. $91 3# °1*> #*1. 

[^T 2 -^ 24] 

*11201H #7l o]^> ^«fl^# SL^Kii, -SM «1 

^ Ji*fl 5^ # °1*V 
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